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Prolonging the Structural Integrity of Poly-Lactic Acid Based Composites
Zachary Block, Maryam E. Grami
Department of Composite Materials Engineering, Winona State University, Winona, MN

Abstract

Results and Discussion

The scope of this research is to evaluate the effect oil based polyurethane has on Poly-Lactic Acid (PLA) when used as
thin protective film against degradation, and how PLA performs when used as matrix material in a natural fiber
composite. Course woven jute fabric (burlap) is being used as natural fiber reinforcement. PLA is synthesized from
corn starch which makes the polymer biodegradable, but the amount of degradation is dependent on the conditions
the material is subjected to.
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There is a continued interest in biodegradable composites and plastics, along with the desire for green materials.
Poly-Lactic Acid, which is a biodegradable polymer produced from corn starch, is one material that can fill this need.
PLA however degrades fast enough so that most structural integrity is lost in a short period of time making the polymer
undesirable for a long term matrix material. By coating PLA with a protective coating there by prolong the structural
integrity of the polymer and any subsequent composites would open the door for uses other than one time use
products. Possibly even in structural applications if the correct polymer to natural fiber reinforcement is found.
Common applications of these biodegradable composites permeate the medical field, automotive industry, agricultural
use, and other one-time-use products. This material could then be used for electronic cases and other products that
normally only get used for a few years and then recycled or disposed of and by using a biodegradable composite such
as PLA the discarded part could be stripped and the plastic or composites parts could the go to a land fill

9 Weeks weathered

Reinforced PLA: Reinforcing the PLA with coarse woven jute fabric did not provide
the desired results and did not perform like a typical composite. Typically when a
polymer is reinforced with fabric the mechanical properties of the composite is
expected to be greater than the plain polymer. There are several factors that are
effecting the mechanical properties. First, the jute fabric could not wet out with
the polymer leaving dry fibers. This can be observed in the scanning electron
microscope pictures to the right of both the weathered and unweathered
samples. Another factor that was visually evident is that the fiber orientation
slightly changed during hot press fabrication that negatively effects mechanical
properties. Since the jute fabric had coarse fibers only two layers of fabric could
be used as reinforcement. This resulted in uneven and excess matrix in some
area of the composite that causes stress concentrations in the resin rich area.
The reinforced samples lost their mechanical properties faster than the
unreinforced samples. The weathered samples showed more sever degradation
due to faster permeation of water through the composite samples compared to
non reinforced specimens.
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Future work will include using different fabrics as reinforcement, different PLA compounds for better adhesion to
the fabrics, and different processing techniques to improve properties and life of PLA specimens. Other coating
techniques will also be explored for more consistent and uniform coating.
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The PLA was purchased through Ashland Distribution who provided the 6202D compound from
Nature Works, the woven jute fabric (burlap) and the aerosol Polyurethane were purchased
locally. The burlap and PLA were dried using a convection oven at a temperature of 70 and 100o C
respectively for 2 hours. A 15” by 15” and a 12” by 19” steel dye were used to process the panels
in a hot press. The dye was coated with 2 coats of mold release wax before every use. For
Reinforced panels, a layer of peel ply was placed down first followed by alternating layers of 240
grams of PLA and Burlap equaling 720 g of PLA and 2 layers of burlap with another layer of peel
ply on top. Pure panels of PLA used 740 grams of PLA. Processing the panel in both setups
required the hot press to be heated to 200o C and heated for one and a half hours under no
pressure then the pressure was increased to 90 psi for thirty minutes and then cooled while
under pressure. After processing the panels were cut into tensile bars and flex strips. Before
going into the accelerated weathering chamber (QUV) a set of the plain PLA samples were coated
with an oil based polyurethane and allowed to dry for twenty four hours. A set of the coated and
Uncoated samples along with all of the reinforced samples were placed in the QUV chamber on
alternating cycles of UV light and 100 % humidity and then tested at one weeks intervals up to
eleven weeks. Another set of coated and uncoated samples were placed in a second QUV
chamber under only heat and humidity. Mechanical testing was performed through tensile and
flex. Thermal analysis was also performed using a Differential Scanning Calorimeter and a
Thermo-Gravimetric Analyzer. Scanning Electron Micrographs were also taken Periodically in
order to visually see what was happening to the polymer.
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Panels of plain PLA and PLA reinforced with burlap were prepared through the use of a hot press and steel die. The
panels were then machined into tensile and Flex bars. A set of the non-reinforced samples were coated with oil based
polyurethane. Accelerated weathering chambers were used to weather the samples at two different conditions for
several months. The reinforced samples and a set of the non-reinforced samples both coated and uncoated were
subjected to alternating cycles of ultra violet light and humidity levels of 90 to 100 percent at temperatures of 50
degrees centigrade. Another set of non-reinforced samples both coated and uncoated were subjected to humidity
levels of 90 to 100 percent at temperatures of 50 degrees centigrade. Mechanical properties of the samples were
tested according to ASTM standards on a weekly basis. Thermal analysis was also performed using a Differential
Scanning Calorimeter and a Thermo-Gravimetric Analyzer. The mechanical testing revealed that the overall
degradation of the PLA was lower in the coated samples and highest in the reinforced samples.

Unreinforced PLA: By coating Poly-Lactic Acid (PLA) with the oil based polyurethane the overall deterioration of the polymer was slowed. PLA
is hydrophilic and as the polymer absorbs water it also looses mechanical properties. Mechanical testing showed that the longer the material
is subjected to the high temperature and humid environment the lower is its mechanical properties. However, the thermal analysis revealed
that the polymer is becoming more crystalline that should result higher mechanical strength. This suggests that the crystals within the
polymer are discrete with low cohesion which would explain why the samples are falling apart and also have reduced mechanical properties.
The as received PLA from Nature Works is highly crystalline with a glass transition temperature of around 70 degrees C, but once the polymer
is processed through hot pressing it looses crytallinity that can’t be recovered unless the polymer is cooled at a rate less than 1 degree C per
min. The high temperature exposure during the weathering procedure gradually converted the amorphous region to crystalline structure. The
diffusion of water molecules untangled the chains which in turn provided shorter polymer chains with lower melting temperature which can
be seen in the figure to the left. This process was enhanced in the reinforced samples because of the large jute fibers that provide a quicker
route to water toward inside of the samples.
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